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evaluate and treat reversible causes of cardiovascular collapse. The resuscitative thoracotomy has a high mortality rate, significant potential for casualty and trauma team morbidity, and high resource utilization, due largely to the nature of the injuries leading to arrest. Nonetheless, data from theater indicate that there is a reasonable probability of long-term survival and recovery following RAO in appropriately selected casualties as described in the US CENTCOM Emergent Resuscitative Thoracotomy Clinical Practice Guideline.
Resuscitative endovascular balloon occlusion of the aorta (REBOA) is an alternative to resuscitative thoracotomy. REBOA is performed using transfemoral arterial access to facilitate aortic occlusion and allow both monitoring and support of the central circulation in patients at risk of imminent cardiovascular collapse. Animal studies have demonstrated the benefit of REBOA in shock with occlusion times of up to 90 minutes.
This clinical practice guideline reviews the range of accepted management approaches to profound shock and post-traumatic cardiac arrest and establishes indications to consider REBOA as a hemorrhage control adjunct. The specific management approach-within the parameters of mission, resources, and tactical situation-will depend on the casualty's physical location, mechanism and pattern of injury, and the experience level of the surgeon. The optimal management strategy is best determined by the surgeon at the bedside.
Traumatic Arrest & Profound Shock

Initial Management
Cardiac arrest in combat injury is most often caused by exsanguination. Initial management priorities include early control of hemorrhage and hemostatic resuscitation as described in the US CENTCOM Damage Control Resuscitation Clinical Practice Guideline. Closed chest cardiac massage has little benefit if the intravascular space is empty. Thus, the initial focus in patients who present without a pulse must be to determine the following:
1. Mechanism and pattern of injury 2. Duration of CPR 3. Presence of a pulse 4. Presence of an organized, narrow complex cardiac rhythm and/or organized cardiac activity by FAST exam Based on this data, a decision either for or against RAO can be made using the algorithm presented in APPENDIX A. If RAO is to be performed, closed chest cardiac massage can continue while the surgeons are preparing for this procedure. If RAO is not to be performed, resuscitative efforts should cease unless there is a compelling reason to consider a nontraumatic arrest.
Early identification of patients who are at risk for profound shock or traumatic arrest is also essential as early application of REBOA prior to impending arrest will lead to improved outcomes (APPENDIX B). Casualties who lost vitals in the field and underwent CPR for some period of time followed by return of spontaneous circulation (ROSC) should be considered high risk for traumatic arrest. In addition, the following indicators of a need for massive transfusion (MT) can indicate others at high risk for profound shock or traumatic arrest: 
Resuscitative Thoracotomy
Aortic occlusion is best performed through a left anterolateral thoracotomy. See US CENTCOM Emergent Resuscitative Thoracotomy Clinical Practice Guideline.
Trans-abdominal Aortic Occlusion
The aorta can also be occluded trans-abdominally at any point along its length. It can be occluded with either application of a clamp or compression with a retractor or manually. In obese patients with a large volume of hemoperitoneum or other intra-abdominal pathology, a trans-thoracic approach to the aorta is sometimes preferable. As with all other forms of aortic occlusion, restoration of aortic perfusion should be carefully coordinated with the rest of the team to minimize the effects of re-perfusion and blood volume shifts.
REBOA
Resuscitative endovascular balloon occlusion of the aorta (REBOA) is an alternative approach to resuscitative thoracotomy in some cases of traumatic arrest. Furthermore, an endo-aortic balloon can be placed preemptively in patients with high-risk injury patterns and unstable physiologic parameters as described above. In this way, REBOA can be proactive rather than reactive in the appropriately selected patient. The indications for REBOA are summarized in APPENDIX A for traumatic arrest and APPENDIX B in cases of profound shock.
Resources and Technique.
This section is transferred directly from the Stannard, Eliason, and Rasmussen 2011 publication that appears in the Journal of Trauma (see references).
To simplify, this maneuver can be considered in the following five steps each with specific technical considerations: Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) for Hemorrhagic Shock now commonly accomplished under ultrasound guidance using the same probe applied for the focused abdominal sonography for trauma examination. A linear array transducer is superior to a curvilinear transducer. Ultrasound or direct surgical identification of the femoral artery lateral to the vein is especially important in the hypotensive patient without a palpable pulse. Once identified, the artery should be entered at a 45-degree angle with a hollow 18gauge needle through which a 0.035-inch wire can be passed. After the wire has been passed into the artery, the needle is removed and a small incision made at the interface of the wire and the skin. A 10-to 15-cm long vascular introducer sheath will then be positioned in the femoral and external iliac artery. The sheath is placed over the wire into the artery. It is important that any time a sheath is passed over a wire into the arterial system, the sheath's internal dilator is firmly in place to allow a smooth reverse taper from the wire to the diameter of the sheath. Once the dilator and sheath have been advanced over the wire through the skin into the artery, the dilator is removed leaving the sheath as a working port through which other maneuvers can be accomplished. To avoid bleeding from the side port of the sheath after the dilator is removed, it is important that the operator assure that the stopcock is in the "off" position to the patient.
Selection and Positioning of Initial Sheath
Common initial sheaths are 5 Fr to 8 Fr and come in lengths from 8 cm to 15 cm. As long as the operator is confident that the femoral artery has been accessed and the 0.035-inch starter wire passes without resistance, placement of this short sheath can be accomplished. As noted, the initial sheath can also be placed after removing an existing arterial line over a wire (i.e., "rewiring"). This maneuver is accomplished by placing a wire greater than 2X the length of the existing arterial catheter through its inner lumen allowing the catheter to be removed over the wire while maintaining arterial access. After a larger opening is created at the wire/skin interface, the short working sheath with its internal dilator in position can be inserted over this wire as previously described.
STEP 2: SELECTION AND POSITIONING OF THE BALLOON
Selection of a Balloon
A balloon inflated inside the aorta to occlude flow must be soft or compliant and of large diameter. It is critical that stiff or noncompliant balloons be avoided in this scenario as their inflation inside of the aorta poses a higher risk of damage including dissection or rupture. Examples of compliant balloons with their range of diameter and required sheath sizes are as follows (1) Coda balloon (Cook Medical): 32 mm to 40 mm, 14 Fr; (2) Reliant balloon (Medtronic): 10 mm to 46 mm, 12 Fr; and (3) Berenstein balloon (Boston Scientific): 11.5 mm, 6 Fr. The balloon which has greatest application to the theater of operations is the Coda as it would be very unlikely for combat casualties to have ectactic aortas.
Positioning of the Balloon (Zones of the Aorta)
To select the most appropriate compliant balloon, the user needs to decide which aortic zone is to be occluded. Aortic zones can be considered I, II, and III spanning from cranial or proximal to caudal or distal (APPENDIX C). Zone I is the descending thoracic aorta between the origin of the left subclavian and celiac arteries. Zone II represents the paravisceral aorta Guideline Only/Not a Substitute for Clinical Judgment June 2014
Page 4 of 18 Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) for Hemorrhagic Shock between the celiac and the lowest renal artery and zone III the infrarenal abdominal aorta between the lowest renal artery and the aortic bifurcation. In most instances of shock and pending cardiovascular collapse, the aim will be to position the compliant balloon to occlude zone I. In this case, a longer sheath will be advanced into the thoracic aorta. REBOA in zone I requires a longer sheath (45-60 cm) to be positioned in the descending thoracic aorta to support or hold the balloon against aortic pulsation once it is inflated. Inflation of a compliant balloon in aortic zone III may provide specific utility in cases of pelvic or junctional femoral hemorrhage. Because the aortic bifurcation will support or hold the inflated balloon against pulsation, this maneuver can be accomplished using a large diameter but shorter (10-15 cm) sheath.
Wire Control and Positioning of the Large Sheath and Balloon
Positioning of the balloon in the aorta must take place over a 0.035-inch wire and through an appropriately sized sheath (diameter and length). The sheath through which the balloon will be introduced takes the place of the previously described initial sheath. To accomplish this maneuver, a 260-cm long, 0.035-inch wire (e.g., Amplatz Stiff Wire Guide; Cook Medical) ( Table 2) should be inserted through the initial sheath in the femoral artery. The wire should be advanced carefully such that the floppy tip is in the distal aortic arch. If time permits this should be done under fluoroscopic guidance, otherwise measure the distance from the femoral head to a point halfway between the 12th rib and the medial clavicular head, and mark the wire and sheath with this length. The extent of the wire outside of the sheath at this point should be noted and marked so that the wire is not advanced or withdrawn significantly (_5 cm). Failure to maintain control of the wire's insertion depth during this and subsequent maneuvers may result in inadvertent injury to coronary or cerebral vessels if it is advanced too far or inability to advance the balloon to the occlusion zone if it is withdrawn. At this stage, the small diameter sheath in the groin should be removed and backed off of the wire with pressure held proximally over the femoral artery for hemostasis. Once the sheath clears and is removed from the end of the wire, the larger sheath led by its internal dilator is advanced over the stiff wire through the skin opening and into the femoral and iliac artery. This maneuver plugs the opening of the femoral artery and allows the operator to stop and ready him or herself for the next step. It is important to emphasize that as sheaths or balloon catheters are advanced over this wire, the wire itself does not change its position (i.e., is not advanced or withdrawn more than 3-5 cm). To accomplish this, the fingers grasping or "pinning" the wire are held fixed against the patient's leg with the wire straight and taut. In this position, the wire acts as a rail over which the large sheath or balloon catheter can be advanced or withdrawn as the operator focuses on the fluoroscopic image. To occlude zone I, the larger, longer sheath should be advanced over the stiff wire under fluoroscopic guidance if time permits, otherwise use the above measurements for placement into the thoracic aorta to the desired location of occlusion. Zone I can be estimated to extend from the medial head of the clavicle to the 12th rib. Next, the internal dilator should be removed from the sheath and the back end of the extended wire. To avoid significant bleeding after the internal dilator is removed, it is important that the stopcock on the side port of the sheath is in the "off" position to the patient. The balloon is next loaded on and advanced over the stationary wire into and through the sheath. Once the balloon advances from the end of the sheath, it is ready to be inflated. If possible, this should also be done under fluoroscopic guidance, however, Guideline Only/Not a Substitute for Clinical Judgment deploying it at a length 5cm longer than the sheath will allow the balloon to be deployed. After the balloon is inflated its position must be confirmed with a radiologic study ensuring its location and occlusion of the aorta. It is worth repeating that these steps (advancing the sheath and the balloon catheter) must be done with care not to advance or withdraw the wire. To occlude zone III requires a large diameter but shorter sheath (10-25 cm) to allow passage of the balloon into the terminal aorta. The concept in this scenario is that once the balloon is inflated, any aortic pulsation will push the balloon to the terminal aorta and its bifurcation. If possible this should also be done under fluoroscopic guidance, otherwise measure from the femoral head to 5-7cm above the umbilicus and deploy the balloon. Position should be confirmed radiologically after the balloon is inflated if fluoroscopy is not used for placement.
STEP 3: INFLATION OF THE BALLOON AND SECURING OF THE APPARATUS
Inflation of the Balloon
A large-volume syringe (usually 30-60 mL) is filled with a 1⁄2 and 1⁄2 solution of sterile saline and iodinated contrast. This mixture allows visualization of the balloon inflation as well as more rapid inflation and deflation times by reducing viscosity. The balloon is inflated until the outer edges of the balloon change from convex to parallel as the balloon takes on the contour of the aortic wall, this should be confirmed radiologically. One may notice that during systole, the balloon will change shape and create a "mushroom cap" as it is pulsed inferiorly. In zone I occlusion, the previously positioned long sheath can then support the balloon and maintain its position within the aorta. When inflation appears adequate to gain aortic wall apposition and augment central blood pressure, the three-way stopcock on shaft of the balloon should be turned off toward the balloon to maintain inflation and occlusion while other maneuvers are undertaken.
Securing the Inflated Balloon, Sheath, and Wire Apparatus
It will next be important to hold the balloon, sheath, and wire securely so that none change position as the central aortic pressure returns pushing the balloon caudal. Although the balloon, sheath, and wire can be secured with sutures or an occlusive dressing that pin the apparatus to patient, these need to be observed continuously to assure no downward or caudal migration. If zone I REBOA is accompanied by a return of a central aortic pressure, the most reliable way to keep the inflated balloon, sheath, and wire in the desired location is to assign an assistant the task of holding the apparatus until balloon deflation is desired. This assistant should monitor and communicate the "big three" factors imperative to maintenance of successful REBOA: mean arterial pressure, maintenance of position, and maintenance of occlusion (balloon inflation).
STEP 4: DEFLATION OF THE BALLOON
Communication with the assistant holding the apparatus and the anesthesia team is critical before consideration of balloon deflation. Once a decision to attempt deflation is made, care must be taken to turn the three-way stopcock and deflate the balloon slowly as this step can be anticipated to result in a significant decrease in afterload and hypotension. Generally speaking, the main operator should be the person to deflate the balloon while the identified assistant continues to hold the balloon, sheath, and wire in the desired location. After
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Page 6 of 18 Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA) for Hemorrhagic Shock prolonged balloon inflation or in situations where incomplete resuscitation has occurred, deflation of the balloon can be expected to result in reperfusion, washout of metabolic byproducts, and acidosis. As such, intermittent balloon inflation and deflation may be necessary until some hemodynamic stability is restored.
STEP 5: REMOVAL OF THE BALLOON AND SHEATH
After REBOA is no longer required, the deflated balloon and wire may be removed from the large sheath which should then be flushed with 100 mL of heparinized saline (1,000 units of heparin in 1 L of saline). The large diameter sheaths required to deploy currently available compliant balloons are best removed with open surgical exposure of the femoral artery. This can be accomplished using a longitudinal or transverse groin incision with dissection through the soft tissues overlying the femoral sheath. The femoral artery proximal and distal to the sheath entry site should be exposed to allow control. Proximally, this often requires dissection for 2 cm to 3 cm underneath the inguinal ligament as an assistant uses a narrow handheld retractor (e.g., short Wylie renal vein retractor) to lift the inguinal ligament off of the femoral sheath. During this maneuver, the surgeon must be mindful of the circumflex iliac veins which course over the top of the distal external iliac and proximal common femoral artery. Exposure distal to the sheath entry site often requires identification and control of both the superficial and profunda femoris arteries. Once proximal and distal exposure and control have been accomplished, the sheath may be removed. The resulting arteriotomy should be closely examined and tailored with Potts scissors if necessary to allow primary transverse closure. Closure of the arteriotomy should be performed using 5-0 or 6-0 permanent monofilament suture in either an interrupted or running fashion with care to capture all layers of the arterial wall with passage of the needle. Before closing the last of the suture, fore bleeding and back bleeding of the arterial segments should be allowed followed by flushing of the surface with heparinized saline. Restoration of flow through the arterial segment can be confirmed using manual palpation for pulses and use of continuous wave Doppler of both the artery and more distal extremity. Closure of the femoral artery exposure is accomplished in layers using absorbable suture in the soft tissues.
Performance Improvement (PI) Monitoring.
a. Intent (Expected Outcomes). 1) REBOA is performed only at surgically capable facilities.
2) REBOA is performed in patients in hemorrhagic shock associated with uncontrolled truncal and extremity bleeding.
b. Performance/Adherence Measures.
1) All REBOA interventions in theater are performed at surgically capable MTFs.
2) REBOA was not performed in any patient without signs of shock associated due to hemorrhage.
3 c) Page 4 is to be completed by a surgeon providing care for the patient at their Level IV or Level V facility.
d) The JTTS TNC at the corresponding Level III in theater is responsible for completing the administrative information on the JTTS CENTCOM REBOA Data Tool. The data tool will also require the input of the attending surgeon at the corresponding Level III.
e) The JTTS Program Manager will keep a password-protected database of patients in whom REBOA has been performed. Digital copies of the JTTS CENTCOM REBOA Data tool will be maintained in a password protected manner along with the database.
f) The JTTS Program Manager will contact the Level IV PI coordinator upon transfer of the patient out of theater. The Level IV PI coordinator will be requested to ensure page 4 of the JTTS CENTCOM REBOA Data tool is scanned and sent to the JTTS Program Manager at jtts_ldrs.mail@swa.army.mil.
g) The JTTS Program Manager will also contact the Level V PI coordinator to serve as a reminder of completion of the JTTS CENTCOM REBOA Data tool is requested to be sent to jtts_ldrs.mail@swa.army.mil.
h) Any correspondence of PHI material is to be transferred in an encrypted manner. Alternatively, the AMRDEC SAFE Transfer file system is to be used to transfer information. https://safe.amrdec.army.mil/safe/Welcome.aspx d. Data Source. 
